This contribution is the first attempt to systematically review all empirical surveys that so far have been made available in the broad field of efficiency and productivity analysis using frontier estimation methodologies. We provide a systematic bibliometric review on the many empirical surveys in the field of efficiency and productivity analysis, the most relevant concepts, areas, overlaps and potentials to explore from its introduction to the most recent surveys. We combine the international ISIC taxonomy of economic activity with the JEL classification system to classify these empirical surveys and to identify the current gaps in the literature. This provides not only the most relevant/generic potential areas for applications (according to the UN's ISIC), but also the most relevant concepts that have been worked on in those applications (according to the JEL codes). We also provide some cluster analysis. This overview therefore provides an interesting guide for future work to develop the whole field.
Introduction
The field of efficiency and productivity analysis using frontier estimation methodologies has been developing very rapidly in the last four decades. Since the seminal articles of Charnes, Cooper and Rhodes (1978) , Banker, Charnes and Cooper (1984) and Färe, Grosskopf and Lovell (1983) the literature developing both methodological and empirical contributions to the nonparametric frontier literature (often identified via the moniker Data Envelopment Analysis (DEA)) have been literally booming. Equally so, since the seminal articles of Aigner, Lovell and Schmidt (1977) and Meeusen and van den Broeck (1977) stochastic frontier analysis (moniker SFA) has almost equally flourished along both methodological and empirical lines. Further methodological developments have led to new and somewhat separate streams of literature (see Fried, Lovell and Schmidt (2008) for an overview).
Common to this broad efficiency and productivity literature using some form of frontier estimation is the enormous and booming empirical literature that has emerged. A wide diversity of sectors has been studied using cross-section, time series or panel data covering a wide variety of geographical areas (from municipalities and counties to regions, and from countries to continents). On the one hand, this efficiency and productivity literature has led to an abundance of surveys aimed at summarising general or specialised methodological advancements (examples include Mariz, Almeida and Aloise (2018) , Koop and Steel (2001) or Simar and Wilson (2015) ). On the other hand, this flood of empirical frontier applications has also lead to a multitude of empirical surveys. The latter empirical surveys are the main topic of this contribution.
As a matter of fact, there are a lot of empirical surveys available in the literature focusing on specific sectors of application (see, e.g., Mariano, Sobreiro and Rebelatto (2015) , or Paradi and Zhu (2013) , among others). But, to the best of our knowledge, none of the existing studies have looked at what are the most surveyed fields of empirical applications and what are instead those in which there are no or few surveys, and how this situation evolved over time. To the best of our knowledge, there is no survey on surveys in the field of frontier methods (SFA, FDH, DEA and their extensions) proposed to evaluate the many facets of the efficiency literature in the different areas of the economic activities. The main real difference from our proposal to other surveys is to use a bibliometric methodology to assess the size and importance of the applications in those areas: in addition to the number of surveys, the co-occurrence of the concepts, methods and areas is used to define a degree of generality that allows the visualisation of gaps and overlaps in the field. The topic of this paper is exactly to fill up this gap.
The basic objective of this contribution is to provide a state of the art survey of empirical surveys of frontier estimation applications as applied to different economic sectors. By lack of a better concept, we label this a meta-survey. This amounts to asking the basic question: in which sectors and fields do empirical surveys exist? And if such empirical survey exists for a sector, we want to determine how many such surveys exists for this field and how recent these surveys are? Furthermore, we look at the connections among different sectors and fields of application through co-citation analysis. This should allow us to identify the gaps in the existing sectors and fields and offer some interpretations of the currently available literatures.
To develop such a meta-survey of empirical surveys of frontier estimation applications, we encounter the following series of methodological problems. We obviously need to have a full description of all the possible economic sectors and fields, so as to be able to identify existing gaps in the literature. To identify a rather universal taxonomy of economic activity, we adopt the UNESCO manual (2008) . We allocate all of the empirical surveys we encounter to one of the available taxonomic classes. This is done manually here, but our work could also provide useful suggestions on how one could standardize this activity in the future (see also the concluding section). Finally, we attribute all empirical surveys also to the Journal of Economic Literature (JEL) classification, which is often used to classify research papers mainly in the economics literature. We discuss in the concluding section about the importance of these classifications to standardize, improve and facilitate further analysis and updates of this study.
The main methodological tool applied in our meta-survey is the systematic review. In addition, we employ advanced clustering and mapping techniques. Finally, a co-citation analysis is performed to investigate the evolution of the interconnections among economic sectors and fields of application.
This contribution is structured as follows. We first put the notion of research review in context to clearly delineate what we do different from other existing reviews. In the next section of methodological notes, we introduce the notion of a systematic review in some detail. In the following sections, we specify in detail the methodology used and in particular, the queries that have been run in the systematic search (Section 3), the main outcomes of the survey (Section 4), and the bibliometric and mapping exercises done on the keywords (Section 5). A concluding section offers some final comments and outlines future research.
Research Reviews in Context
Literature reviews are essential in the development and accumulation of scientific knowledge in each discipline and consist in a process of conducting surveys of previously published material. Literature reviews do not primarily develop new facts and findings, but focus on publications containing such primary information, whereby these publications are digested, classified, and synthesized (see Cooper and Hedges (2009) ).
Various taxonomies of literature reviews are available in the literature. An interesting taxonomy is the one proposed by Cooper (1988) that is intended to be applied to literature reviews appearing in both the behavioral and physical sciences. We focus only on the two characteristics of focus and goals. His first distinction among literature reviews concerns the focus of the review. Most literature reviews center on one or more of four areas: (i) the findings of individual primary studies, (ii) the methods used for carrying out the research, (iii) the theories that intend to explain the phenomena under examination, and (iv) the practices, programs, or treatments being used in an applied context. A second characteristic of a literature review is its goals. The most frequent goal for a review is to integrate past literature related to a common topic. Integration can involve formulating generalizations, resolving conflicts in the literature, and creating a new, common linguistic framework. For the remaining characteristics, the reader is referred to Cooper (1988) for details.
In the broad efficiency and productivity literature that is the focus of our study, there do clearly exist methodological and theoretical surveys (like Mariz, Almeida and Aloise (2018) or Koop and Steel (2001) cited above and many others). However, our focus is on empirical surveys aimed at summarizing the findings of individual primary studies. Among these empirical surveys, it may be useful to distinguish between bibliographical and bibliometric studies: the first often contain merely a list of articles, books and book chapters eventually complemented with non-systematic and rather personal descriptions of evolutions in the literature; the latter contain some quantitative analysis based on a variety of methods.
In the efficiency and productivity literature, bibliographical studies include the seminal efforts by Seiford (1994 Seiford ( , 1996 Seiford ( , 1997 Seiford ( , 1999 and the work by Gattoufi, Oral and Reisman (2004a) . Bibliometric studies started with the seminal work by Gattoufi et al. (2004) : these authors study the growth rate of this literature, the most important journals in terms of publication outlets, and the top authors in this field. In addition, the same authors compare this field with two others in the operations research-management science (OR/MS) subdisciplines: the frontier-based efficiency and productivity literature turn out to be much more vital in terms of growth. Emrouznejad, Parker and Tavares (2008) review the literature in the first 30 years since the seminal article by Charnes, Cooper and Rhodes (1978) . Apart from also looking at the most important publication outlets as well as the top authors, these authors also study the distribution of page sizes of articles and the use of keywords. Emrouznejad and Yang (2018) basically update this same study after the first 40 years. Liu et al. (2013a) also study the growth rate of this literature and equally classify the top outlets and top researchers in the field. These same authors trace detailed citation networks and try to distinguish some of the key trajectories through the literature. Liu et al. (2013b) try to devise a classification of empirical applications using an ad hoc classification of sectors and trace the development path for the five major sectors. Lampe and Hilgers (2015) is -to the best of our knowledge-the only survey that also considers SFA contributions: this methodology makes up a relatively small fraction of the total frontier-based efficiency and productivity literature. These authors also trace top outlets in the field and distinguish research clusters based on citation analysis. Liu, Lu and Lu (2016) try to delineate a series of new methodological research frontiers based on a powerful citation-based network clustering method.
Finally, Gattoufi, Oral and Reisman (2004b) can be mentioned for their attempt to propose a taxonomy to classify DEA articles, without considering SFA. However, to the best of our knowledge this classification has never been extensively used.
Having reviewed these existing reviews, we are now capable to position our meta-survey within this broad field of frontier-based efficiency and productivity. Our meta-survey of empirical surveys of frontier estimation applications shares with Lampe and Hilgers (2015) that we also include SFA-based articles, and it is distinct from Liu et al. (2013b) in that we do not use an ad hoc classification of sectors but instead employ UNESCO manual (2008).
Methodological Notes
In this paper we follow a cautious approach of systematic review proposed by Tranfield et al. (2003) , given the specific questions we wish to address. These specific questions are reported in Table 1 . Table 1 summarizes the main choices we have made in our analysis pertaining to the main objective, the eligibility criteria, the explicit methodology, the systematic search, and finally the systematic presentation and synthesis. 
Eligibility criteria
We include only reviews in international peer-reviewed journals (published or forthcoming), so we exclude books and methodological surveys.
Explicit methodology
Systematic review on Scopus integrated by expert knowledge.
Systematic search
All details about the queries run on the database are described in the paper (Table 2 ) and reported in Appendix ( Figure 1A ) Systematic presentation and synthesis
The main outcomes of the meta-survey are reported in Tables 3 and 4 . A mapping and clustering illustration of the main keywords is reported in Figures 2-3 .
The main research question addressed in this paper is to collect all existing published evidence about empirical surveys that have been realized on applications of frontier efficiency analysis with the objective of identifying what are the sectors and fields in which there are one or more surveys and what are the economic sectors and fields in which there are no surveys available. In this systematic review we include only reviews in international (English) peer-reviewed journals (published or forthcoming).
However, we exclude books and methodological surveys. The exclusion of books is related to the fact that these do not provide keywords or abstracts that can be used in the following developments to analyze the semantic connections between the various empirical surveys by advanced clustering methods. Hence, books and book chapters are not included in Table 4 .
Nevertheless, the number of books and book chapters is quite substantial in certain sectors and areas. We provide a selection by way of example:
• Allen (1999) on ecological efficiency; • Johnes (2007) and Nigsch and Schenker-Wicki (2015) on education;
• Pollitt (1995) on electricity;
• Goddard et al. (2001), Harker and Zenios (2001) , Hughes and Mester (2010) , Kumar and Gulati (2014) , Molyneux et al. (1996) Obviously, having to ignore books and book chapters provides potentially a substantial lacunae in our analysis.
Systematic Search
The project started in 2015 and has been progressively developed since then by meetings and consultations to specialized literature.
1 The last systematic search has been performed on September 1, 2018, at 2:52 pm (UTC−03:00). The main results have been extracted from the system at 6 pm of the same day, and the subjective assessment on each abstract was made in the days following the initial collection. The search was executed on the Scopus web system, which contains the largest database of peer-reviewed scientific literature, using the search engines provided by the website. Titles, abstract and keywords on review articles since 1978 (the year of Charnes et al. DEA seminal paper) to 2019 have been checked by the query strings produced with a combination of keywords from a starting list of 104 surveys. This expert database of surveys was selected prior by the team of authors to produce a network of co-occurring terms with high density. The densest terms were selected to compose the strings applied in the refinement procedure to track additional relevant surveys on empirical frontier assessments of various kinds. The descriptions on each of these queries are present in the Table 2 , and the flow diagram in Figure 1A (see Appendix) synthetizes the stages of this process.
The density of the most prominent terms is designed by considering the keywords incidence in the empirical surveys and their interaction with other relevant keywords: the larger these metrics, the greater the potential representativeness by the keywords combinations in the queries. Figure 1 reports the most prominent terms as a density map of the relevant keywords extracted from the departing bibliography list by the first systematic search performed on January 13, 2017. Based on these indicators of query's representativeness, the purpose is to depart from the broader set of items to end up with the narrow relevant keywords, with no imposed threshold on the number of occurrences to be detected. A total of 243 keywords' terms emerged with at least one occurrence. From this network, 42 items are regarded as independent, in which case the item does not bring any significant contribution to design applicable queries and identify pertinent empirical surveys. Thus, the largest set of interconnected keywords consists of 201 items framed in the density map depicted in the Figure 1 . The most relevant keywords from those items are contrasted as hot-spot concentrations where both the information with regard to the occurrences and their interaction among the documents are taken into consideration. The keywords 'efficiency' with 26 occurrences and 106 links, 'data envelopment analysis' with 19 occurrences and 84 links, 'review' with 14 occurrences and 59 links, 'stochastic frontier analysis' with 7 occurrences and 44 links, and 'benchmarking' with 19 occurrences and 84 links are some of the most dense and relevant terms identified in the keywords mining process. Other potential applicable expressions with a greater incidence and link connections are not taken into consideration for being included as search results in the results of more restricted keywords. Examples are the expressions 'technical efficiency', 'efficiency measurement', 'frontier efficiency analysis' in which search results are already included in the results when the keyword 'efficiency' is applied. Other applicable keywords such as 'dea' and 'sfa' when enforced in queries' combinations result in surveys that are not related to the efficiency analysis field (though they are referenced as acronyms, for instance, 'dielectric analysis' referring to 'dea' or 'surface forces apparatus' referring to 'sfa'). 
(TITLE-ABS-KEY (efficiency) OR TITLE-ABS-KEY (data AND envelopment AND analysis) OR TITLE-ABS-KEY (stochastic AND frontier AND analysis) OR TITLE-ABS-KEY (benchmarking ) ) AND DOCTYPE ( re ) AND (EXCLUDE (SRCTYPE , "d") OR EXCLUDE (SRCTYPE , "k") OR EXCLUDE (SRCTYPE , "p") OR EXCLUDE (SRCTYPE , "b") OR EXCLUDE (SRCTYPE , "Undefined" ) ) AND (LIMIT-TO (LANGUAGE , "English") )
The terms 'efficiency', 'data envelopment analysis', 'stochastic frontier analysis' and 'benchmarking' applied in the query string Q1 (Table 2) bring 58,082 document results.
The refinements described by the queries Q2, Q3 and Q4 limit the results to English written reviews with specific keywords in the abstract of the document (see Table 2 for a clearer understanding of the related systematic search). 955 reviews were identified as outcome of the systematic process. After a meticulous analysis on each paper, 106 documents were selected as prominent empirical reviews on frontier efficiency assessments, of which 84 were already included in our prior departing bibliography list of empirical surveys. Thereby, 22 empirical reviews have been added to the 104 empirical reviews from the starting list, yielding a total of 126 final relevant empirical surveys. Thus, 84.12% of empirical surveys were identified by the systematic search (106 surveys) and 15.88% added by expert knowledge (20 surveys).
There may be plenty of reasons why these 20 surveys were not detected by the systematic search. Some such as Salehirad and Sowlati (2006) and Sowlati (2005) belong to journals that are not indexed in the SCOPUS bibliography base. Other surveys in the departing list were published prior, after or in between the Scopus coverage years for the specific journal. For instance, Ashton and Hardwick (2000) was published in 2000, while the coverage years for the Journal of Interdisciplinary Economics comprehend the period from 2004 to 2018. Other departing surveys (such as Berger and Humphrey (1992) ) are book chapters, handbooks or notes that, despite their relevance, cannot be found in the database. In addition, it is still possible that some of the important surveys were missed during the refinements. The search strings are not perfect; they need constant updates with the great amount of information and publications that have been daily added in the scientific literature.
Classification of Literature
The United Nations' International Standard Industrial Classification (ISIC) of All Economic Activities provides an international reference for the classification of productive activities that can be used for the collection, reporting and comparison of statistical data among different countries and regions worldwide. The ISIC uses a topdown methodology to aggregate categories as homogenous as possible, which identifies the section, division, group and the class with the highest share of value added. The 21 ISIC areas of economic activities in Table 3 are used to identify, in a (Q3) (TITLE-ABS-KEY (efficiency) OR TITLE-ABS-KEY (data AND envelopment AND analysis) OR TITLE-ABS-KEY (stochastic AND frontier AND analysis ) OR TITLE-ABS-KEY (benchmarking) ) AND DOCTYPE (re) AND ABS (benchmarking) OR ABS (frontier) OR ABS (data AND envelopment AND analysis) AND (EXCLUDE (SRCTYPE , "d ") OR EXCLUDE (SRCTYPE , "k ") OR EXCLUDE (SRCTYPE , "p ") OR EXCLUDE (SRCTYPE , "b ") OR EXCLUDE (SRCTYPE , "Undefined ") ) AND (LIMIT-TO (LANGUAGE , "English ") ) (Q4) (TITLE-ABS-KEY (efficiency) OR TITLE-ABS-KEY (data envelopment analysis) OR TITLE-ABS-KEY (stochastic frontier analysis) OR TITLE-ABS-KEY (benchmarking)) AND DOCTYPE (re) AND ABS (benchmarking) OR ABS (frontier) OR ABS (data envelopment analysis) AND (EXCLUDE (SRCTYPE,"d") OR EXCLUDE (SRCTYPE,"k ") OR EXCLUDE(SRCTYPE,"p ") OR EXCLUDE (SRCTYPE,"b ") OR EXCLUDE (SRCTYPE,"Undefined")) AND (LIMIT-TO (LANGUAGE,"English")) AND (LIMIT-TO (EXACTKEYWORD, "Review") OR LIMIT-TO (EXACTKEYWORD,"Benchmarking") OR LIMIT-TO (EXACTKEYWORD, "Data Envelopment Analysis") OR LIMIT-TO (EXACTKEYWORD,"Efficiency") OR LIMIT-TO (EXACTKEYWORD, "Productivity") ) straightforward manner, the gaps and overlaps in the surveys of efficiency analysis applications. We have included a subdivision from the alternative structure for ISIC (United Nations 2008, pp. 282-286) as a main area so that, for the purpose of this work, we consider 22 categories instead of 21.
There are 9 ISIC categories for which no empirical survey exists. Obviously, these categories provide excellent potential opportunities for new empirical surveys provided that sufficient empirical frontier performance studies have focused on the underlying sectors. For the other ISIC categories one observes the existence of a minimum of 1 to a maximum of 24 empirical surveys. The 3 ISIC categories with the highest potential for overlap are "Agriculture, forestry and fishing" (24 studies), "Transportation and storage" (24 studies), and "Financial and insurance activities" (21 studies). There seems to be a considerable discussion in the surveys regarding the size and ownership structure (whether public or private) as potential determinants of the performance (e.g., for airports), while considerations on the scope, geographical location and diversification characterize agriculture studies. For practical reasons, the ISIC classification does not provide categories for specific economic surveys, concepts, methods or decision units. Therefore, important subjects related to the empirical assessments, such as the used approaches (e.g., semiparametric, nonparametric, panel data, location analysis) and economic concepts (such as privatization, monopolies, asymmetric information, municipalities, among others) are missed in the discussion.
For this reason, we combine the ISIC areas of economic activities with the standard codes of the Journal of Economic Literature (JEL) which aims to classify the scholarly surveys in the field of economics. Table 4 presents the information regarding these empirical reviews in terms of the main areas of application based on the ISIC classification of economic activities (United Nations 2008) and the JEL classification on economics fields. In particular, Table 4 has each of the empirical surveys attributed into one of the ISIC sections and their associated JEL codes. For instance, Hollingsworth (2003) who surveyed 188 published papers on frontier efficiency analysis in hospitals and health care units is classified in the ISIC section "Human health and social work activities" under JEL categories "General Health" (I10) and "Semiparametric and Nonparametric Methods" (C14). Berger and Humphrey (1992) G20 G21 G22 G23 G24 G28 G29
Berger and Humphrey (1997) G20 G21 G22 G23 G24 G28 G29
Berger and Hunter (1993) G20 G21 G22 G23 G24 G28 G29
Berger ( 
Mapping the State of the Art: Identification of Empirical Gaps and Overlaps
The network representation in the following Figure 2 was designed with the support of the Vosviewer tool (Van Eck and Waltman 2010). It consists of 95 interconnected nodes (JEL terms) designed by the ISIC networks of agriculture, finance, health, environment, public administration, transportation, electricity and water supply, and 20 JEL terms that are independent (not connected with the other networks) related to the real estate, education, manufacturing and general services areas. Thus, we have 115 nodes from the 117 economic fields (JEL codes) connected by edges composing the 12 clusters of ISIC empirical categories where at least one survey exist. The cluster visualization is constructed using a bibliometric cooccurrence matrix Waltman 2009, 2014) .
The number of co-occurrences of two JEL codes is the number of surveys in which both JEL codes occur together. In this network representation, the ISIC areas are connected with each other through the related JEL codes in the surveys. For instance, the Agriculture, Electricity and Environment ISIC areas present the same JEL codes in some of their surveys (e.g. Q00, Q01, Q40 and Q50 which are related to agricultural, natural resource, environmental and ecological economics). Because these 3 areas present such association, the nodes representing their network are connected and set close to each other (see Figure 2) . Broadly speaking, the networks representing electricity, water, environment, agriculture and regulation cluster together in space (right side of the visualization), which means they co-occur (i.e., are more related with each other) more often. From the overall set in Table 4 , some JEL codes were eliminated since these relate to specific programming methodologies or because these are not relevant for the construction of the map of clusters of empirical surveys. Table 5 brings the information underneath the network visualization relating each JEL classification code to its correspondent label in the network visualization and providing a relevance score for each JEL class. This allows us a more sophisticated way to identify important empirical gaps and overlaps. The relevance score in the last column of Table 5 measures the level of specificity or generality in the JEL codes composing the noun labels in the classification of each survey (Van Eck and Waltman 2014) 2 . Empirical areas have high relevance score when they cooccur with a very limited set of other JEL codes, whereas lower relevance score JEL codes designate more generic fields of application. For instance, the JEL codes labels representing the ISIC 'Agriculture, forestry and fishing' category (i.e., general agriculture, family farms, agribusiness, primary products, etc.) have high incidence and co-occur with energy, with environmental studies, with food policy, fishery, aquaculture, industrial policies, water resources, natural resource, ecology and sustainable development. This makes Agriculture to obtain a low relevance score and be a generic area of application compared to Real Estate, which besides occurs just once (in one survey) it co-occurs only with itself (i.e., with JEL codes representing real estate services, general real estate markets, spatial production analysis or firm location). Real Estate Services, Local Government and Manufacturing (Metals, Cement, Glass, Ceramics, Rubber, Drugs, Food, Beverages, Cosmetics, Tobacco, Clothing, Textiles, Shoes and Leather) are the classes with the higher relevance scores, i.e., the applications regarding efficiency analysis through frontier methodologies having been weakly covered by surveys in these sectors and are limited to studies within these fields. Water Resource, Road Maintenance, Transportation Planning, General Health issues, Banking, Investment, Financial Institutions, General Agriculture and Natural Resources have the greatest coverage. These are the classes with smallest relevance scores, i.e., more generic areas of empirical efficiency analysis interacting sharply with other areas of economic activity.
The spider-chart in Figure 3 combines this information accessed from network mapping in the Table 4 (JEL classification) with the ISIC main areas for a more comfortable visualization on gaps and overlaps. The Degree of Generality is defined as the inverse of the relevance score. The scale difference in the chart visualization becomes larger with small degrees of generality. In the proposed network it ranges between 0 and 3. The first axis in the chart is reserved for the limited fields of empirical frontier application surveys (degree of generality between 0 and 1). The service industry, manufacturing, real estate, scientific activities, education, public administration and defence compose this category. The second axis represents the fields with sufficient surveys on applications, both in number of publications and cooccurrences with other fields (degree of generality between 1 and 2). The fields of agriculture, environmental studies, energy, health, water supply and sanitation has been sufficiently covered by surveys of frontier application. The third axis has the more generic fields of frontier application (degree of generality between 2 and 3) because the great number of surveys and co-occurrences with general JEL codes representing fields, concepts and methodologies of the economic classification. Only two areas reach out this category: the financial market and transportation industry. 
Concluding Remarks
The key purpose of this contribution has been to provide a kind of meta-survey of empirical surveys of frontier applications applied to a wide variety of economic sectors. The basic methdology applied is a "light" version of a systematic review approach suitable for the management sciences.
Starting from a prior list of 104 surveys, identified on an expert-based knowledge, the most prominent terms are selected by considering their incidence volume and their interaction with other relevant keywords (see Figure 1 for a density map of keywords). These strings have been combined in a series of queries applied in a refinement procedure as presented in Table 2 . This has led to a total of 126 final relevant empirical surveys.
We opted for a rather universal taxonomy of economic activity by adopting the International Standard Industrial Classification (ISIC) of All Economic Activities as proposed in the UNESCO manual (2008) . This has led to identify in a straightforward manner gaps and overlaps in the empirical surveys in Table 3 Table 4 lists each empirical survey allocated to one of the ISIC sections and the associated JEL codes.
We offer then a new covering of the different areas with the combination of the ISIC areas of economic activities with the standard codes of the Journal of Economic Literature (JEL codes). Some contribution can be highlighted from the bibliometric perspective. The covering evaluation provides the level of specificity or generality for the surveyed areas of frontier empirical applications. The relevance score measuring this coverage is high when the amount of published surveys in the specific field is low and they co-occur with limited (few) areas of the economic activity. Some of the less generic concepts (gaps for surveys and empirical applications), i.e., with the higher relevance scores, are the efficiency analysis in the teaching of economics, real estate, public administration and police, spatial production analysis, firm location, welfare programs, intergovernmental relations, chemicals, rubber, drugs and other consumer nondurables (see Table 5 ).
When the relevance score measuring the coverage area is low, then the amount of published surveys in the specific field must be high and they must also co-occur with many areas of the economic activity. Those are the most generic (overlapping) areas and concepts. Banks, depository institutions and finance-related issues, public and private structures, general or transport, technology, and the concepts related to the models or methods such as estimation methods, input-output models, data collection and estimation, production, total factor productivity ???, semi-parametric and nonparametric methods are some of the most overlapping issues from the JEL classification in the analysed surveys.
Another contribution from this analysis is the proposal of a systematic search process based on a bibliometric methodology which results in the most relevant keyterms by incidence and interaction. The combination of those keywords provides the query strings to construct and update a repository of surveys on recent advances of the efficiency and productivity analysis. To the best of our knowledge, in this work we have provided a collection of all existing published evidence about the empirical surveys on frontier efficiency applications and approached concepts and discussions as the base for additional investigations.
It is possible that some of the important surveys of frontier applications were missed during the refinements. The search strings are not perfect; they need constant updates with the great amount of information and publications that are daily added in the scientific literature. Another limitation concerns the bibliometric methodology of co-occurrences. Some networks are characterized by a small set of publications interacting with many others. Those networks tend to present high relevance scores though they are poor covered (by number of publications). Despite crucial in many circumstances, this is barely an issue in this evaluation because the areas with low generality (high relevance score) have both a few number of surveys and interact with only few other surveys, and the areas with low specificity (low relevance score) have a considerable number of surveys and interactions (see Table 3 and Figure 3 ). Furthermore, we have identified connections among different sectors and fields of application through co-citation analysis. The information provided in Table 5 can be seen as a first attempt to standardize the classification and help to collect and organize a repository about empirical surveys related to Productivity and Efficiency Analysis (PEA). In another work ) about software options available for PEA, we highlight the need for standards and coding to develop an Open Source Dynamic Digital Repository of software in this field. A first easy application of our work would then be to suggest to the authors of future surveys to add in their keywords the map labels identified in Table 5 in addition to the respective JEL code. In this way, an Evolving Repository on Existing Surveys could be mantained and could be helpful for the PEA community of practice as a source of information to access the last up-to-date state of the art information about the sector of interest. This is of course a first study, that should be supported by further, more technical work, which should consider the design of the repository and its underlying technology.
